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Abstract
Weinvestigatelowenergyimplicationsofstringloopcorrectionstosuper-
gravitycouplingswhichbreakapossibleavoruniversalityofthetreelevel.If
SupersymmetryisbrokenbythedilatonF-term,universalsoftscalarmassesarise
attheleadingorderbutstringloopcorrectionsgenericallyinduceavor-non-
diagonalsoftterms.Constraintsfromavorchangingneutralcurrents(FCNC)
andCPviolationthenrequirealargesupersymmterybreakingscaleandthus
heavygluinosandsquarks.IfSupersymmetryisbrokenbymoduliF-terms,uni-
versalityatthestringtreelevelcanonlybeguaranteedbyextraconditionson
theKahlerpotential.Alargehierarchybetweenthegluinoandsquarkmasses
ensuresthatFCNCandCPviolationconstraintsaresatised.Ifthesoftscalar
massesvanishatthestringtreelevel,thecosmologicalproblemsrelatedtolight
modulicanbeevaded.However,genericstringloopcorrectionsviolateFCNC
boundsandrequireveryheavysquarkmasses(100TeV).
1.Introduction
SupersymmetricextensionsoftheStandardModel(SM)areamongthemost
promisingcandidatesfornewphysicsabovetheweakscaleM
Z
.Inthemini-
malsupersymmetricSM(MSSM)allparticlesoftheSMarepromotedtochiral
N=1supermultipletswithoneadditionalHiggsdoubletadded[1].Supersym-
metryisassumedtobebrokenbyexplicitbutsoftbreakingtermswhichappear
naturallyinthelowenergylimitofspontaneouslybrokensupergravitytheories.
Thissoftsupersymmetrybreakingintroducesanumberofnewparametersinto
theLagrangianwhichcontrolthemassspectrumofthefermion'ssuperpartners.
Theparameterspacespannedbythesofttermshasbeenthesubjectofnumerous
investigations,mostlyundersomesimplifyingassumptions[1].Ithasalsobeen
studiedwithinthecontextoffurtherextensionssuchassuperstringtheory[2{8].
Withoutspecifyingthepreciseoriginofthenon-perturbativeeectsinsuper-
stringtheorybutwithanumberofplausibleassumptions,ithasbeenpossible
toobserveinterestingfeaturesofthesoftterms[4,7,8].Inparticular,manysig-
naturesatM
Z
areentirelycontrolledbyperturbativecouplingsinstringtheory
and(almost)independentoftheassumptionabouttheunknownnon-perturbative
properties.Therelevantperturbativecouplingshaveindeedbeencomputedfor
manystringvacuaattheleadingorder(treelevel)instringperturbationtheory.
OnendsthatinmostcasesthestandardassumptionsoftheMSSMarenot
fullled.Forexample,non-universalscalarmassesaswellasnon-proportional
A-termswitharbitraryCP-violatingphasesareeasilygenerated.Non-universal
scalarmassesareparticularlydangeroussincetheygenericallyinduceunaccept-
ablylargecontributionstorareprocessessuchasavorchangingneutralcurrents
(FCNC)[9{12].Onewayoutistolookforpossiblemechanismswhichnaturally
suppressnon-universalscalarmasses.ThiscouldbenaturalifSUSYbreakingis
communicatedtothelightparticlesbygaugeinteractions[13]orinmodelswith
anonabelianhorizontalsymmetry[14].(Abelianhorizontalsymmetriescould
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a
r
a
m
e
t
e
r
i
z
e
d
b
y
^
W
.
W
e
a
s
s
u
m
e
t
h
a
t
^
W
i
s
s
u
c
h
t
h
a
t
i
t
b
r
e
a
k
s
s
u
-
p
e
r
s
y
m
m
e
t
r
y
b
y
g
e
n
e
r
a
t
i
n
g
n
o
n
-
v
a
n
i
s
h
i
n
g
m
o
d
u
l
i
F
-
t
e
r
m
s


F
i

a
n
d
/
o
r
a
d
i
l
a
t
o
n
y
^
K
(
1
)
a
n
d
Z
(
1
)

I
J
a
r
e
t
h
e
f
o
u
r
-
d
i
m
e
n
s
i
o
n
a
l
a
n
a
l
o
g
u
e
o
f
t
h
e
G
r
e
e
n
-
S
c
h
w
a
r
z
t
e
r
m
a
n
d
h
a
v
e
r
e
c
e
n
t
l
y
b
e
e
n
c
o
m
p
u
t
e
d
i
n
s
o
m
e
o
r
b
i
f
o
l
d
v
a
c
u
a
[
2
1
]
.
5
F
-
t
e
r
m


F
S

.
T
o
s
i
m
p
l
i
f
y
o
u
r
n
o
t
a
t
i
o
n
l
e
t
u
s
i
n
t
r
o
d
u
c
e
a
n
i
n
d
e
x

w
h
i
c
h
r
u
n
s
o
v
e
r
b
o
t
h
t
h
e
m
o
d
u
l
i
a
n
d
d
i
l
a
t
o
n
d
i
r
e
c
t
i
o
n
,
i
.
e
.

=
(
i
;
S
)
.
U
s
i
n
g
t
h
i
s
n
o
t
a
t
i
o
n
t
h
e
F
-
t
e
r
m
s
a
r
e
g
i
v
e
n
b
y
F


=

2
e
^
K
=
2
^
K



(
@

^
W
+
^
W
@

^
K
)
;
(
2
:
4
)
w
h
i
l
e
t
h
e
s
c
a
l
e
o
f
s
u
p
e
r
s
y
m
m
e
t
r
y
b
r
e
a
k
i
n
g
i
s
p
a
r
a
m
e
t
e
r
i
z
e
d
b
y
t
h
e
(
c
o
m
p
l
e
x
)
g
r
a
v
i
t
i
n
o
m
a
s
s
m
3
=
2
=

2
e
^
K
=
2
^
W
:
(
2
:
5
)
W
e
f
u
r
t
h
e
r
a
s
s
u
m
e
t
h
a
t
,
a
t
t
h
e
m
i
n
i
m
u
m
o
f
t
h
e
p
o
t
e
n
t
i
a
l
,
a
d
i
l
a
t
o
n
V
E
V
h
S
i
a
n
d
m
o
d
u
l
i
V
E
V
s


M
i

a
r
e
g
e
n
e
r
a
t
e
d
a
n
d
h
e
n
c
e
t
h
e
p
e
r
t
u
r
b
a
t
i
v
e
v
a
c
u
u
m
d
e
g
e
n
e
r
a
c
y
i
s
(
p
a
r
t
i
a
l
l
y
)
l
i
f
t
e
d
.
F
i
n
a
l
l
y
,
t
h
e
c
o
s
m
o
l
o
g
i
c
a
l
c
o
n
s
t
a
n
t
i
s
a
s
s
u
m
e
d
t
o
b
e
z
e
r
o
w
h
i
c
h
i
m
p
l
i
e
s
z
j
m
3
=
2
j
2
=
13
^
K



F

F


:
(
2
:
6
)
U
n
d
e
r
t
h
e
s
e
a
s
s
u
m
p
t
i
o
n
s
(
s
p
e
l
l
e
d
o
u
t
i
n
m
o
r
e
d
e
t
a
i
l
i
n
r
e
f
.
[
7
]
)
s
o
f
t
s
u
p
e
r
-
s
y
m
m
e
t
r
y
b
r
e
a
k
i
n
g
t
e
r
m
s
a
r
e
g
e
n
e
r
a
t
e
d
i
n
t
h
e
o
b
s
e
r
v
a
b
l
e
s
e
c
t
o
r
.
I
n
p
a
r
t
i
c
u
l
a
r
,
t
h
e
p
o
t
e
n
t
i
a
l
f
o
r
t
h
e
o
b
s
e
r
v
a
b
l
e
m
a
t
t
e
r
s
c
a
l
a
r
s
(
w
h
i
c
h
w
e
a
l
s
o
c
a
l
l
Q
I
)
c
o
n
t
a
i
n
s
t
h
e
f
o
l
l
o
w
i
n
g
s
o
f
t
s
u
p
e
r
s
y
m
m
e
t
r
y
b
r
e
a
k
i
n
g
t
e
r
m
s
:
V
(
S
S
B
)
=
m
2I

J
Q
I
Q

J
+
(
13
A
I
J
L
Q
I
Q
J
Q
L
+
12
B
I
J
Q
I
Q
J
+
h
:
c
:
)
;
(
2
:
7
)
w
h
e
r
e
t
h
e
p
a
r
a
m
e
t
e
r
s
m
2
;
A
;
B
a
r
e
m
o
d
u
l
i
a
n
d
d
i
l
a
t
o
n
d
e
p
e
n
d
e
n
t
a
n
d
n
o
t
n
e
c
e
s
-
s
a
r
i
l
y

a
v
o
u
r
d
i
a
g
o
n
a
l
[
4
,
7
,
8
]
.
S
p
e
c
i

c
a
l
l
y
,
m
2I

J
=
j
m
3
=
2
j
2
Z
I

J
 
F

F


R



I

J
;
(
2
:
8
)
w
h
e
r
e
t
h
e

a
v
o
u
r
d
e
p
e
n
d
e
n
c
e
c
a
n
a
r
i
s
e
t
h
r
o
u
g
h
t
h
e
(
p
e
r
t
u
r
b
a
t
i
v
e
)
c
u
r
v
a
t
u
r
e
z
R
e
c
e
n
t
l
y
v
a
r
i
o
u
s
m
e
c
h
a
n
i
s
m
s
h
a
v
e
b
e
e
n
s
t
u
d
i
e
d
w
h
i
c
h
a
l
s
o
i
n
c
l
u
d
e
l
o
w
e
n
e
r
g
y
q
u
a
n
t
u
m
c
o
r
r
e
c
t
i
o
n
s
t
o
t
h
e
c
o
s
m
o
l
o
g
i
c
a
l
c
o
n
s
t
a
n
t
[
2
2
,
2
3
]
.
M
o
s
t
o
f
o
u
r
a
n
a
l
y
s
i
s
h
e
r
e
i
s
i
n
s
e
n
s
i
t
i
v
e
t
o
t
h
e
d
e
t
a
i
l
s
o
f
t
h
e
m
e
c
h
a
n
i
s
m
r
e
s
p
o
n
s
i
b
l
e
f
o
r
t
h
e
v
a
n
i
s
h
i
n
g
o
f
t
h
e
c
o
s
m
o
l
o
g
i
c
a
l
c
o
n
s
t
a
n
t
.
6
co
u
p
l
i
n
g
s
R



I

J
=
@


@


Z
I

J
 
,
N
I
Z
N

L

,

L



J
;
,
N
I
=
Z
N

J
@

Z

J
I
;
(
2
:
9
)
a
n
d
h
e
n
c
e
t
h
e
s
t
a
n
d
a
r
d
a
s
s
u
m
p
t
i
o
n
o
f
u
n
i
v
e
r
s
a
l
(

a
v
o
u
r
i
n
d
e
p
e
n
d
e
n
t
)
s
o
f
t
m
a
s
s
e
s
m
i
g
h
t
n
o
t
h
o
l
d
.
F
u
r
t
h
e
r
m
o
r
e
,
A
I
J
L
=
F

(
@

Y
I
J
L
 
,
N
(
I
Y
J
L
)
N
+
12
^
K

Y
I
J
L
)
;
Y
I
J
K
=
e
^
K
=
2
~
Y
I
J
K
;
(
2
:
1
0
)
w
h
e
r
e
t
h
e

r
s
t
t
w
o
t
e
r
m
s
a
r
e
i
n
g
e
n
e
r
a
l
n
o
t
p
r
o
p
o
r
t
i
o
n
a
l
t
o
t
h
e
Y
u
k
a
w
a
c
o
u
p
l
i
n
g
s
.
S
i
m
i
l
a
r
l
y
,
B
I
J
=
2
j
m
3
=
2
j
2
H
I
J
+
m
3
=
2
F

D

H
I
J
 

m
3
=
2
F



@


H
I
J
 
F


F

D


@


H
I
J
+
e
^
K
=
2
[
F

(
@

~

I
J
+
^
K

~

I
J
 
2
,
KI

~

K
J
)
 

m
3
=
2
~

I
J
]
;
(
2
:
1
1
)
(
w
h
e
r
e
D

H
I
J
=
@

H
I
J
 
2
,
KI

H
K
J
)
i
s
n
o
t
n
e
c
e
s
s
a
r
i
l
y
p
r
o
p
o
r
t
i
o
n
a
l
t
o
x

I
J
=
e
^
K
=
2
~

I
J
+
m
3
=
2
H
I
J
 
F



@


H
I
J
:
(
2
:
1
2
)
H
e
n
c
e
,
t
h
e
p
a
r
a
m
e
t
e
r
s
o
f
V
(
S
S
B
)
i
n
e
q
.
(
2
.
7
)
i
n
g
e
n
e
r
a
l
d
o
n
o
t
s
a
t
i
s
f
y
t
h
e
p
r
o
p
e
r
t
y
o
f

a
v
o
u
r
-
i
n
d
e
p
e
n
d
e
n
c
e
w
h
i
c
h
i
s
c
o
m
m
o
n
l
y
a
s
s
u
m
e
d
i
n
t
h
e
M
S
S
M
.
F
i
n
a
l
l
y
,
t
h
e
r
e
i
s
o
n
e
m
o
r
e
s
o
f
t
t
e
r
m
i
n
d
u
c
e
d
:
t
h
e
g
a
u
g
i
n
o
s
a
q
u
i
r
e
a
m
a
s
s
g
i
v
e
n
b
y
~
m
a
=
F

@

l
n
g
 
2
a
;
(
2
:
1
3
)
w
h
e
r
e
g
 
2
a
a
r
e
t
h
e
g
a
u
g
e
c
o
u
p
l
i
n
g
s
(
a
l
a
b
e
l
s
t
h
e
s
i
m
p
l
e
f
a
c
t
o
r
s
i
n
t
h
e
g
a
u
g
e
g
r
o
u
p
)
.
I
n
s
t
r
i
n
g
t
h
e
o
r
y
t
h
e
g
a
u
g
e
c
o
u
p
l
i
n
g
s
a
r
e
u
n
i
v
e
r
s
a
l
a
t
t
h
e
l
e
a
d
i
n
g
o
r
d
e
r
a
n
d
x
I
n
t
h
e
c
o
n
t
e
x
t
o
f
t
h
e
M
S
S
M
t
h
e
r
e
i
s
o
n
l
y
o
n
e
B
-
t
e
r
m
a
l
l
o
w
e
d
b
y
g
a
u
g
e
i
n
v
a
r
i
a
n
c
e
a
n
d
R
-
i
n
v
a
r
i
a
n
c
e
a
n
d
h
e
n
c
e
n
o

a
v
o
u
r
d
e
p
e
n
d
e
n
t
m
a
t
r
i
x
e
x
i
s
t
s
.
W
h
a
t
t
h
e
n
o
n
-
p
r
o
p
o
r
t
i
o
n
a
l
i
t
y
m
e
a
n
s
i
n
t
h
i
s
c
a
s
e
i
s
t
h
a
t

c
a
n
b
e
z
e
r
o
w
i
t
h
B
s
t
a
y
i
n
g

n
i
t
e
(
o
r
v
i
c
e
v
e
r
s
a
)
.
7
d
e
t
e
r
m
i
n
e
d
b
y
t
h
e
V
E
V
o
f
t
h
e
d
i
l
a
t
o
n
.
N
o
n
-
u
n
i
v
e
r
s
a
l
i
t
y
a
n
d
m
o
d
u
l
i
d
e
p
e
n
d
e
n
c
e
i
s
o
n
l
y
i
n
t
r
o
d
u
c
e
d
v
i
a
o
n
e
-
l
o
o
p
t
h
r
e
s
h
o
l
d
c
o
r
r
e
c
t
i
o
n
s

a
[
2
4
]
g
 
2
a
(
M
S
t
r
i
n
g
)
=
R
e
S
+

a
(
M
;
M
)
1
6

2
:
(
2
:
1
4
)
M
S
t
r
i
n
g
d
e
n
o
t
e
s
t
h
e
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s
c
a
l
e
o
f
s
t
r
i
n
g
t
h
e
o
r
y
;
n
u
m
e
r
i
c
a
l
l
y
M
S
t
r
i
n
g

5

1
0
1
7
G
e
V
w
h
i
c
h
i
s
c
l
o
s
e
t
o
t
h
e
s
u
p
e
r
s
y
m
m
e
t
r
i
c
G
U
T
-
s
c
a
l
e
M
G
U
T

3

1
0
1
6
G
e
V
.
I
n
t
h
i
s
p
a
p
e
r
w
e
d
o
n
o
t
m
a
k
e
a
n
y
d
i
s
t
i
n
c
t
i
o
n
b
e
t
w
e
e
n
t
h
e
t
w
o
s
c
a
l
e
s
a
n
d
d
e
n
o
t
e
t
h
e
m
b
o
t
h
b
y
M
X
.
A
s
a
c
o
n
s
e
q
u
e
n
c
e
o
f
t
h
e
v
e
r
y
s
p
e
c
i
a
l

e
l
d
d
e
p
e
n
d
e
n
c
e
o
f
t
h
e
g
a
u
g
e
c
o
u
p
l
i
n
g
s
,
t
h
e
g
a
u
g
i
n
o
m
a
s
s
e
s
a
r
e
u
n
i
v
e
r
s
a
l
a
t
t
h
e
l
e
a
d
i
n
g
o
r
d
e
r
a
n
d
o
b
e
y
~
m
a
=
~
m
1
=
2
+

X
4

~
m
(
1
)
a
+



;
(
2
:
1
5
)
w
h
e
r
e
~
m
1
=
2
=
F
S
(
S
+
S
)
;
~
m
(
1
)
a
=
F
i
@
i

a
 
F
S

a
;

X
=
g
2
(
M
X
)
4

=
1
2

(
S
+
S
)
:
(
2
:
1
6
)
N
o
t
e
t
h
a
t
t
h
e
u
n
i
v
e
r
s
a
l
g
a
u
g
i
n
o
m
a
s
s
~
m
1
=
2
i
s
d
i
r
e
c
t
l
y
p
r
o
p
o
r
t
i
o
n
a
l
t
o
t
h
e
d
i
l
a
t
o
n
F
-
t
e
r
m
F
S
a
n
d
t
h
a
t
b
o
t
h
~
m
1
=
2
a
n
d
~
m
(
1
)
a
a
r
e
o
f
o
r
d
e
r
O
(
m
3
=
2
)
.
O
n
t
h
e
o
t
h
e
r
h
a
n
d
,
t
h
e
s
c
a
l
a
r
m
a
s
s
e
s
g
i
v
e
n
b
y
e
q
.
(
2
.
8
)
a
r
e
i
n
g
e
n
e
r
a
l

a
v
o
u
r
-
d
e
p
e
n
d
e
n
t
(
n
o
n
-
u
n
i
v
e
r
s
a
l
)
a
l
r
e
a
d
y
a
t
t
h
e
l
e
a
d
i
n
g
o
r
d
e
r
o
f
p
e
r
t
u
r
b
a
t
i
o
n
t
h
e
o
r
y
w
h
e
n
Z
I

J
i
s
a
p
p
r
o
x
i
m
a
t
e
d
b
y
i
t
s
t
r
e
e
l
e
v
e
l
c
o
n
t
r
i
b
u
t
i
o
n
Z
(
0
)
I

J
.
H
o
w
e
v
e
r
,
t
h
e
r
e
a
r
e
s
c
e
n
a
r
i
o
s
w
h
e
r
e
u
n
i
v
e
r
s
a
l
s
c
a
l
a
r
m
a
s
s
e
s
a
n
d
A
-
t
e
r
m
s
d
o
a
p
p
e
a
r
a
t
t
h
e
l
e
a
d
i
n
g
o
r
d
e
r
a
n
d
n
o
n
-
u
n
i
v
e
r
s
a
l
i
t
y
i
s
o
n
l
y
i
n
t
r
o
d
u
c
e
d
a
t
t
h
e
o
n
e
-
l
o
o
p
l
e
v
e
l
.
F
o
r
t
h
o
s
e
c
a
s
e
s
-
w
h
i
c
h
a
r
e
t
h
e
f
o
c
u
s
o
f
t
h
i
s
p
a
p
e
r
-
w
e
h
a
v
e
m
2I

J
=
m
20
Z
(
0
)
I

J
+

X
4

m
2
(
1
)
I

J
+



;
A
I
J
L
=
A
0
Y
I
J
L
+

X
4

A
(
1
)
I
J
L
+



:
(
2
:
1
7
)
8
3.
S
u
p
e
r
s
y
m
m
e
t
r
y
B
r
e
a
k
i
n
g
b
y
t
h
e
D
i
l
a
t
o
n
U
n
d
e
r
t
h
e
a
s
s
u
m
p
t
i
o
n
t
h
a
t
o
n
l
y
a
d
i
l
a
t
o
n
F
-
t
e
r
m


F
S

i
s
g
e
n
e
r
a
t
e
d
b
y
t
h
e
n
o
n
-
p
e
r
t
u
r
b
a
t
i
v
e
p
h
y
s
i
c
s
,
t
h
e
s
o
f
t
p
a
r
a
m
e
t
e
r
s
s
i
m
p
l
i
f
y
c
o
n
s
i
d
e
r
a
b
l
y
a
t
t
h
e
l
e
a
d
-
i
n
g
o
r
d
e
r
a
n
d
t
h
e
s
c
a
l
a
r
m
a
s
s
e
s
a
n
d
A
-
t
e
r
m
s
a
r
e
i
n
d
e
e
d
u
n
i
v
e
r
s
a
l
.
T
h
i
s
i
s
a
c
o
n
s
e
q
u
e
n
c
e
o
f
t
h
e
u
n
i
v
e
r
s
a
l
c
o
u
p
l
i
n
g
s
o
f
t
h
e
d
i
l
a
t
o
n
a
t
t
h
e
s
t
r
i
n
g
t
r
e
e
l
e
v
e
l
.
S
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a
t
i
s

e
d
f
o
r
m
~
`

1
3
5
G
e
V
=
)
~
m
3

4
5
0
G
e
V
(
m
3
=
2

9
0
G
e
V
)
:
(
3
:
1
2
)
T
h
e
f
a
c
t
t
h
a
t
t
h
e
s
t
r
o
n
g
e
r
c
o
n
s
t
r
a
i
n
t
a
r
i
s
e
s
i
n
t
h
e
s
l
e
p
t
o
n
s
e
c
t
o
r
i
s
a
c
o
n
s
e
q
u
e
n
c
e
o
f
t
h
e
l
a
r
g
e
r
e
n
o
r
m
a
l
i
z
a
t
i
o
n
e

e
c
t
i
n
t
h
e
s
q
u
a
r
k
s
e
c
t
o
r
d
u
e
t
o
t
h
e
g
l
u
i
n
o
m
a
s
s
w
h
i
c
h
e
n
h
a
n
c
e
s
t
h
e
a
v
e
r
a
g
e
s
q
u
a
r
k
m
a
s
s
e
s
a
n
d
t
h
e
r
e
f
o
r
e
w
e
a
k
e
n
s
t
h
e
F
C
N
C
c
o
n
s
t
r
a
i
n
t
s
[
1
4
,
8
,
1
8
]
.
T
o
s
u
m
m
a
r
i
z
e
,
w
h
e
n
S
U
S
Y
i
s
b
r
o
k
e
n
b
y
t
h
e
d
i
l
a
t
o
n
,
u
n
i
v
e
r
s
a
l
i
t
y
a
n
d
p
r
o
-
p
o
r
t
i
o
n
a
l
i
t
y
a
r
e
v
i
o
l
a
t
e
d
a
t
t
h
e
s
t
r
i
n
g
l
o
o
p
l
e
v
e
l
.
T
h
e
e

e
c
t
o
n
m
a
s
s
d
i

e
r
e
n
c
e
s
1
2
in
t
h
e
v
a
r
i
o
u
s
n
e
u
t
r
a
l
m
e
s
o
n
s
y
s
t
e
m
s
i
s
s
m
a
l
l
.
I
f
t
h
e
p
h
a
s
e
i
n
t
h
e
u
n
i
v
e
r
s
a
l
i
t
y
v
i
o
l
a
t
i
n
g
t
e
r
m
s
i
s
o
f
O
(
1
)
,
a
l
o
w
e
r
b
o
u
n
d
o
n
t
h
e
d
o
w
n
s
q
u
a
r
k
m
a
s
s
e
s
a
r
i
s
e
s
,
m
~
d

1
8
0
G
e
V
.
T
h
e
e

e
c
t
s
o
n
t
h
e
d
e
c
a
y

!
e

d
u
e
t
o
v
i
o
l
a
t
i
o
n
o
f
e
i
t
h
e
r
u
n
i
v
e
r
s
a
l
i
t
y
o
r
p
r
o
p
o
r
t
i
o
n
a
l
i
t
y
a
r
e
m
o
r
e
s
i
g
n
i

c
a
n
t
a
n
d
g
i
v
e
a
l
o
w
e
r
b
o
u
n
d
o
n
t
h
e
c
h
a
r
g
e
d
s
l
e
p
t
o
n
m
a
s
s
e
s
,
m
~
`

1
3
5
G
e
V
.
A
s
a
l
l
s
f
e
r
m
i
o
n
m
a
s
s
e
s
a
r
e

x
e
d
b
y
t
h
e
g
l
u
i
n
o
m
a
s
s
i
n
t
h
i
s
s
c
e
n
a
r
i
o
,
w
e
c
o
n
c
l
u
d
e
t
h
a
t
t
h
e
m
o
s
t
s
t
r
i
n
g
e
n
t
c
o
n
s
t
r
a
i
n
t
i
s
t
h
e
o
n
e
f
r
o
m
t
h
e
l
e
p
t
o
n
i
c
s
e
c
t
o
r
a
n
d
r
e
q
u
i
r
e
s
~
m
3

4
5
0
G
e
V
(
o
r
e
q
u
i
v
a
l
e
n
t
l
y
m
3
=
2

9
0
G
e
V
)
:
H
o
w
e
v
e
r
,
i
t
s
h
o
u
l
d
b
e
s
t
r
e
s
s
e
d
t
h
a
t
s
u
c
h
e
s
t
i
m
a
t
e
s
a
r
e
o
n
l
y
a
c
c
u
r
a
t
e
u
p
t
o
f
a
c
t
o
r
s
o
f
O
(
1
)
.
3
.
2
C
o
n
s
t
r
a
i
n
t
s
f
r
o
m
C
P
V
i
o
l
a
t
i
o
n
I
n
t
h
e
p
r
e
v
i
o
u
s
s
e
c
t
i
o
n
w
e
i
n
v
e
s
t
i
g
a
t
e
d
t
h
e
e

e
c
t
s
o
f
v
i
o
l
a
t
i
o
n
o
f
u
n
i
v
e
r
s
a
l
i
t
y
a
n
d
p
r
o
p
o
r
t
i
o
n
a
l
i
t
y
b
y
s
t
r
i
n
g
l
o
o
p
e

e
c
t
s
.
I
n
t
h
i
s
s
e
c
t
i
o
n
w
e
s
t
u
d
y
t
h
e
n
C
P
v
i
o
l
a
t
i
n
g
e

e
c
t
s
t
h
a
t
a
r
i
s
e
a
t
t
h
e
l
e
a
d
i
n
g
o
r
d
e
r
a
n
d
a
r
e
i
m
p
l
i
e
d
b
y
e
q
s
.
(
3
.
1
)
.
S
u
c
h
e

e
c
t
s
a
r
e
c
o
n
s
t
r
a
i
n
e
d
b
y
t
h
e
u
p
p
e
r
b
o
u
n
d
s
o
n
t
h
e
e
l
e
c
t
r
i
c
d
i
p
o
l
e
m
o
m
e
n
t
s
o
f
t
h
e
n
e
u
t
r
o
n
(
E
D
M
N
)
a
n
d
o
f
v
a
r
i
o
u
s
a
t
o
m
s
a
n
d
m
o
l
e
c
u
l
e
s
.
W
h
e
n
b
o
t
h
u
n
i
v
e
r
s
a
l
i
t
y
a
n
d
p
r
o
p
o
r
t
i
o
n
a
l
i
t
y
h
o
l
d
,
t
h
e
r
e
a
r
e
,
i
n
g
e
n
e
r
a
l
,
t
w
o
n
e
w
C
P
v
i
o
l
a
t
i
n
g
p
h
a
s
e
s
(
i
n
a
d
d
i
t
i
o
n
t
o
t
h
e
C
K
M
p
h
a
s
e

K
M
a
n
d
t
h
e
s
t
r
o
n
g
C
P
p
h
a
s
e

Q
C
D
)
[
3
0
]
:

A

a
r
g

A
0
~
m
1
=
2

;

B

a
r
g

B
0
~
m
1
=
2

;
(
3
:
1
3
)
(
w
h
e
r
e
B
0
=
B
I
J
=

I
J
)
.
I
n
e
q
.
(
2
.
5
)
w
e
d
e

n
e
d
m
3
=
2
a
s
a
c
o
m
p
l
e
x
q
u
a
n
t
i
t
y
,
i
t
s
c
o
m
p
l
e
x
c
o
n
j
u
g
a
t
e
i
s

m
3
=
2
=

2
e
^
K
=
2
^
W
.
U
s
i
n
g
e
q
s
.
(
3
.
1
)
w
e
c
o
n
c
l
u
d
e
t
h
a
t

A
v
a
n
i
s
h
e
s
a
t
t
r
e
e
l
e
v
e
l
w
h
i
l
e
t
h
e
r
e
i
s
n
o
s
i
g
n
i

c
a
n
t
s
i
m
p
l
i

c
a
t
i
o
n
f
o
r

B
a
n
d
w
e
e
x
p
e
c
t
[
8
]

A
=
O


X
4


;

B
=
O
(
1
)
:
(
3
:
1
4
)
T
h
e
c
o
n
t
r
i
b
u
t
i
o
n
s
t
o
t
h
e
E
D
M
s
o
f
t
h
e
n
e
u
t
r
o
n
a
n
d
o
f
v
a
r
i
o
u
s
a
t
o
m
s
f
r
o
m
1
3

A
a
n
d

B
w
e
r
e
e
s
t
i
m
a
t
e
d
i
n
r
e
f
.
[
3
1
]
.
T
h
e
a
p
p
r
o
p
r
i
a
t
e
m
o
d
i

c
a
t
i
o
n
s
o
f
t
h
e
i
r
e
s
t
i
m
a
t
e
s
t
o
o
u
r
c
a
s
e
r
e
a
d
,
i
n
t
h
e
l
i
m
i
t

B


A
,
?
j
d
N
j

1
:
4

1
0
 
2
4
e
c
m
 
1
0
0
G
e
V
m
3
=
2
!
2
(
s
i
n

B
)
(
3
:
1
5
)
(
w
h
e
r
e
t
h
e
l
e
a
d
i
n
g
c
o
n
t
r
i
b
u
t
i
o
n
s
c
o
m
e
f
r
o
m
t
h
e
l
i
g
h
t
q
u
a
r
k
E
D
M
s
a
n
d
C
D
M
s
)
,
j
d
T
l
j

1
:
6

1
0
 
2
2
e
c
m
 
1
0
0
G
e
V
m
3
=
2
!
2
(
s
i
n

B
)
(
3
:
1
6
)
(
w
h
e
r
e
t
h
e
l
e
a
d
i
n
g
c
o
n
t
r
i
b
u
t
i
o
n
c
o
m
e
s
f
r
o
m
t
h
e
E
D
M
o
f
t
h
e
e
l
e
c
t
r
o
n
)
,
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n
d
j
d
H
g
j

3

1
0
 
2
6
e
c
m
 
1
0
0
G
e
V
m
3
=
2
!
2
(
s
i
n

B
)
(
3
:
1
7
)
(
w
h
e
r
e
t
h
e
l
e
a
d
i
n
g
c
o
n
t
r
i
b
u
t
i
o
n
c
o
m
e
s
f
r
o
m
t
h
e
n
o
n
d
e
r
i
v
a
t
i
v
e
n
u
c
l
e
o
n
-
n
u
c
l
e
o
n
c
o
u
p
l
i
n
g
)
.
T
h
e
e
x
p
e
r
i
m
e
n
t
a
l
b
o
u
n
d
s
[
3
3
{
3
5
]
,
j
d
N
j

1
:
2

1
0
 
2
5
e
c
m
;
j
d
T
l
j

6
:
6

1
0
 
2
4
e
c
m
;
j
d
H
g
j

1
:
3

1
0
 
2
7
e
c
m
;
r
e
q
u
i
r
e
m
3
=
2

4
8
0
G
e
V
p
s
i
n

B
:
(
3
:
1
8
)
(
W
e
h
a
v
e
a
l
s
o
c
h
e
c
k
e
d
t
h
e
b
o
u
n
d
s
f
r
o
m
d
C
s
,
d
X
e
a
n
d
d
T
l
F
a
n
d
f
o
u
n
d
t
h
a
t
t
h
e
y
a
r
e
w
e
a
k
e
r
.
)
E
v
e
n
f
o
r
s
i
n

B

0
:
1
,
w
e
n
e
e
d
m
~
g

8
0
0
G
e
V
w
h
i
c
h
i
s
s
t
r
o
n
g
e
r
t
h
a
n
a
n
y
o
f
t
h
e
F
C
N
C
b
o
u
n
d
s
(
3
.
1
1
)
,
(
3
.
1
2
)
.
F
i
n
a
l
l
y
,
w
e
n
o
t
e
t
h
a
t
i
f

B
=
O
(

X
4

)
,
t
h
e
n
(
3
.
1
8
)
i
s
s
a
t
i
s

e
d
f
o
r
m
3
=
2

3
0
G
e
V
,
w
h
i
c
h
c
o
i
n
c
i
d
e
s
w
i
t
h
t
h
e
d
i
r
e
c
t
l
i
m
i
t
(
3
.
4
)
.
?
S
t
r
i
c
t
l
y
s
p
e
a
k
i
n
g
o
n
e
s
h
o
u
l
d
a
l
s
o
t
a
k
e
t
h
e
r
e
n
o
r
m
a
l
i
z
a
t
i
o
n
o
f

B
i
n
t
o
a
c
c
o
u
n
t
.
H
o
w
e
v
e
r
,
i
n
r
e
f
.
[
3
2
]
i
t
w
a
s
s
h
o
w
n
t
h
a
t

B
d
o
e
s
n
o
t
r
e
n
o
r
m
a
l
i
z
e
a
n
d
t
h
e
r
e
f
o
r
e
w
e
c
a
n
u
s
e
t
h
e
b
o
u
n
d
a
r
y
v
a
l
u
e
s
a
t
M
X
.
1
4
To
s
u
m
m
a
r
i
z
e
,
o
f
t
h
e
t
w
o
n
e
w
C
P
v
i
o
l
a
t
i
n
g
p
h
a
s
e
s
,
o
n
e
v
a
n
i
s
h
e
s
a
t
s
t
r
i
n
g
t
r
e
e
l
e
v
e
l
a
n
d
p
o
s
e
s
n
o
p
h
e
n
o
m
e
n
o
l
o
g
i
c
a
l
p
r
o
b
l
e
m
s
.
T
h
e
o
t
h
e
r
i
s
e
x
p
e
c
t
e
d
,
i
n
g
e
n
e
r
a
l
,
t
o
b
e
o
f
O
(
1
)
,
i
n
w
h
i
c
h
c
a
s
e
i
t
w
o
u
l
d
r
e
q
u
i
r
e
g
l
u
i
n
o
m
a
s
s
a
b
o
v
e
8
0
0
G
e
V
.
U
n
d
e
r
s
p
e
c
i
a
l
c
i
r
c
u
m
s
t
a
n
c
e
s
i
t
c
o
u
l
d
b
e
s
u
p
p
r
e
s
s
e
d
,
y
b
u
t
w
e
s
e
e
n
o
s
i
m
p
l
e
m
e
c
h
a
n
i
s
m
t
o
g
u
a
r
a
n
t
e
e
i
t
s
v
a
n
i
s
h
i
n
g
.
4
.
S
u
p
e
r
s
y
m
m
e
t
r
y
B
r
e
a
k
i
n
g
i
n
d
u
c
e
d
b
y
t
h
e
M
o
d
u
l
i
4
.
1
N
o
n
-
U
n
i
v
e
r
s
a
l
S
o
f
t
T
e
r
m
s
I
f
t
h
e
d
o
m
i
n
a
n
t
s
o
u
r
c
e
o
f
s
u
p
e
r
s
y
m
m
e
t
r
y
b
r
e
a
k
i
n
g
a
r
e
m
o
d
u
l
i
F
-
t
e
r
m
s


F
i

,
t
h
e
s
o
f
t
s
c
a
l
a
r
m
a
s
s
e
s
a
r
e
g
e
n
e
r
i
c
a
l
l
y
n
o
n
-
u
n
i
v
e
r
s
a
l
a
t
t
h
e
s
t
r
i
n
g
t
r
e
e
l
e
v
e
l
a
n
d
o
f
O
(
m
3
=
2
)
.
T
h
e
A
-
t
e
r
m
s
a
r
e
n
o
t
p
r
o
p
o
r
t
i
o
n
a
l
t
o
t
h
e
Y
u
k
a
w
a
c
o
u
p
l
i
n
g
s
a
n
d
o
f
O
(
m
3
=
2
)
.
T
h
e
g
a
u
g
i
n
o
m
a
s
s
e
s
a
r
e
a
l
s
o
n
o
n
-
u
n
i
v
e
r
s
a
l
b
u
t
,
m
o
r
e
i
m
p
o
r
t
a
n
t
l
y
,
t
h
e
y
a
r
e
s
u
p
p
r
e
s
s
e
d
s
i
n
c
e
F
S

0
i
m
p
l
i
e
s
~
m
1
=
2

0
v
i
a
e
q
.
(
2
.
1
6
)
.
I
n
s
t
e
a
d
w
e
h
a
v
e
~
m
a
=

X
4

~
m
(
1
)
a
;
(
4
:
1
)
w
h
e
r
e
~
m
(
1
)
a
=
O
(
m
3
=
2
)
.
T
h
e
c
u
r
r
e
n
t
l
o
w
e
r
b
o
u
n
d
o
n
t
h
e
g
l
u
i
n
o
m
a
s
s
[
2
7
]
i
m
p
l
i
e
s
1
5
0
G
e
V
<
~
m
3
(
M
Z
)
=
3
~
m
3
(
M
X
)
'
3

X
4

m
3
=
2
;
(
4
:
2
)
o
r
e
q
u
i
v
a
l
e
n
t
l
y
m
3
=
2
>

1
5
T
e
V
.
z
G
e
n
e
r
i
c
a
l
l
y
,
t
h
i
s
l
e
a
d
s
t
o
s
q
u
a
r
k
a
n
d
s
l
e
p
t
o
n
m
a
s
s
e
s
o
f
t
h
e
s
a
m
e
o
r
d
e
r
o
f
m
a
g
n
i
t
u
d
e
a
n
d
h
e
n
c
e
r
a
d
i
a
t
i
v
e
e
l
e
c
t
r
o
w
e
a
k
s
y
m
m
e
-
t
r
y
b
r
e
a
k
i
n
g
r
e
q
u
i
r
e
s
a
m
a
j
o
r

n
e
-
t
u
n
i
n
g
i
n
o
r
d
e
r
t
o
k
e
e
p
M
Z
a
t
9
0
G
e
V
[
3
8
]
.
H
o
w
e
v
e
r
,
l
a
r
g
e
s
c
a
l
a
r
m
a
s
s
e
s
a
l
s
o
s
u
p
p
r
e
s
s
t
h
e
c
o
n
t
r
i
b
u
t
i
o
n
s
t
o
F
C
N
C
p
r
o
c
e
s
s
e
s
.
y
F
o
r
e
x
a
m
p
l
e
,
w
h
e
n
~

=
0
a
n
d
@
S
^
W
=
^
W
i
s
r
e
a
l
.
D
i

e
r
e
n
t
m
e
c
h
a
n
i
s
m
s
a
r
e
p
r
o
p
o
s
e
d
i
n
r
e
f
s
.
[
3
6
,
3
7
]
.
z
A
s
i
m
i
l
a
r
b
o
u
n
d
f
o
l
l
o
w
s
f
r
o
m
t
h
e
c
h
a
r
g
i
n
o
s
.
A
g
a
i
n
,
t
h
i
s
b
o
u
n
d
i
s
c
o
r
r
e
c
t
o
n
l
y
u
p
t
o
f
a
c
t
o
r
s
o
f
O
(
1
)
a
n
d
i
n
s
p
e
c
i

c
m
o
d
e
l
s
a
s
m
a
l
l
e
r
m
3
=
2
m
i
g
h
t
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p
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=
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c
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p
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d
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.
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~
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~
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~
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~
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f
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
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~
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T
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f
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b
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c
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c
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p
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b
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c
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h
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d
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r
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c
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u
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c
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p
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c
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R
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r
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d
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c
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c
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p
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c
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p
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p
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p
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p
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i
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p
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p
i
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h
e
y
v
i
o
l
a
t
e
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p
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p
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c
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c
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b
l
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v
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c
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p
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p
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u
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i
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u
t
i
o
n
w
h
i
c
h
g
u
a
r
a
n
t
e
e
s
u
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b
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c
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p
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c
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p
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b
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p
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b
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p
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c
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c
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p
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u
l
i
t
h
r
o
u
g
h
a
n
o
v
e
r
a
l
l
s
c
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c
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p
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u
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c
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c
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.
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i
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l
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r
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n
t
o
(
2
.
8
)
a
n
d
(
2
.
1
0
)
r
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u
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j
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l
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=
F
i

@
i
Y
I
J
L
+
Y
I
J
L
(
12
@
i
^
K
 
3
@
i
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e
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p
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p
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p
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.
e
.
@
i
~
Y
I
J
L

0
)
t
h
e
A
-
t
e
r
m
s
a
r
e
s
t
r
i
c
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p
r
o
p
o
r
t
i
o
n
a
l
t
o
t
h
e
Y
u
k
a
w
a
c
o
u
p
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=
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e
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b
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p
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c
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b
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c
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c
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c
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c
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c
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c
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r
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c
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c
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c
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u
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r
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p
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v
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h
e
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e
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p
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p
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p
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p
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i
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p
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c
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p
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u
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p
l
i
e
d
b
y
t
h
e
d
i
r
e
c
t
l
i
m
i
t
s
(
4
.
2
)
a
l
l
F
C
N
C
c
o
n
s
t
r
a
i
n
t
s
a
r
e
a
u
t
o
m
a
t
i
c
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c
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c
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c
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p
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c
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c
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c
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b
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c
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i
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c
e
o
f
t
h
e
Y
u
k
a
w
a
c
o
u
p
l
i
n
g
s
i
s
w
e
a
k
,
@
i
~
Y
I
J
L

0
,
t
h
e
A
I
J
L
t
e
r
m
s
a
l
s
o
v
a
n
i
s
h
a
t
t
r
e
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v
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.
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p
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c
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c
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c
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c
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c
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p
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c
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e
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r
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n
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c
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p
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b
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p
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c
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b
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b
i
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c
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c
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b
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c
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p
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c
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c
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c
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p
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p
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c
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p
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p
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p
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c
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b
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c
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c
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c
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f
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c
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c
a
s
e
~
m
23
=
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=
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~
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~
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~
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~
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
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T
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T
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T
h
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c
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i
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c
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(
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M
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)
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(
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i
c
h
i
m
p
l
i
e
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0
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e
V
(
o
r
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~
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e
V
i
f
I
m



d
1
2


R
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.
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2
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r
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r
i
c
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l
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(
1
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e
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p
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T
h
u
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,
w
i
t
h
m
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O
(
1
0
T
e
V
)
t
h
e
s
e
b
o
u
n
d
s
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r
e
a
l
w
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y
s
s
a
t
i
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I
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c
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b
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y
c
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^
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p
p
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p
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3
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o
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i
c
a
l
i
m
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l
i
c
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t
i
o
n
s
T
h
e
e
x
i
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n
c
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o
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l
i
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l
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,
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i

M
Z
,
w
i
t
h
c
o
u
p
l
i
n
g
s
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o
b
s
e
r
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a
b
l
e
p
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r
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-
c
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,
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v
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r
e
c
o
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o
g
i
c
a
l
p
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[
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u
l
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r
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l
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n
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r
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n
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c
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W
h
e
n
t
h
e
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d
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c
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,
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t
t
i
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e
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
m
2P
=
M
3
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,
t
h
e
y
g
i
v
e
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r
e
h
e
a
t
t
e
m
p
e
r
a
t
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r
e
T
R

p
m
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 
6
G
e
V
,
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o
l
o
w
f
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r
s
u
c
c
e
s
s
f
u
l
n
u
c
l
e
o
s
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n
t
h
e
s
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(
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
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 
3
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e
V
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.
T
h
e
c
o
s
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o
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c
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l
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p
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c
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c
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r
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c
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A
p
a
r
t
i
c
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l
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r
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e
r
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c
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c
a
l
e
o
f
m
o
d
u
l
i
t
h
e
n
[
4
3
,
4
4
]
1
:
T
h
e
u
n
i
v
e
r
s
e
b
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c
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b
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c
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u
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h
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c
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p
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p
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c
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c
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c
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c
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b
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c
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c
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c
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c
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c
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h
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b
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c
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c
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b
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c
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c
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c
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p
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c
t
l
y
i
n
S
U
S
Y
i
n
t
e
r
a
c
t
i
o
n
s
{
i
n
d
u
c
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d
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c
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p
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c
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b
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i
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p
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c
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u
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c
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b
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c
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w
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b
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b
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u
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=
e
^
K
=
3

I

J
,
a
n
d
(
c
)
t
h
e
m
o
d
u
l
i
d
e
p
e
n
d
e
n
c
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p
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i
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u
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c
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p
e
r
i
m
e
n
t
a
l
b
o
u
n
d
o
n
~
m
3
i
m
p
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n
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c
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c
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c
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p
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c
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c
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p
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p
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c
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p
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c
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c
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b
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b
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c
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u
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r
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c
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c
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c
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c
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i
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c
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p
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i
d
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h
e
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n
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f
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c
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c
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t
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c
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r
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b
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b
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w
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i
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u
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r
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n
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=
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c
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c
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u
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c
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c
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u
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c
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c
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p
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c
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c
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c
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c
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